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REACTIONS WITH LIGHT NUCLEI

ON THE EXCITED STATES OF He4

], | G.F. BOGDANOYV, N.A.VLASOV, S.P.KALININ,
i B.V.RYBAKOV, L.N.SAKOYLOV, V.A.SIDOROV

; Experimental data concerning the excited states of He? are considered.The
T(p,n)Hed excitation function and neutron angular distributions have been measured

g from the threshold up to 12 Mev. The excitation function and the energy dependence

- of the angular distributions have a resonant character due to the 22 Mev excited

state of He? Neutron spectra at several angles and a proton spectrum at 30° of the

,v (T+d) and (He3+d) reactions have been measured by the time-of-flight method at

18 Mev deuteron energy. The comparison of the T+d and He3+d spectra and cross sec-

tions confirms the existence of the excited state in He? and points to the absence

of similar states in Li% and H% Due to this fact the isotopic spin of the He? exci-

ted state is believed to be T-=0.

: MEASUREMENT OF THE ENERGY DEPENDENCE OF THE REACTIONS
. He3(n,p); Li®n,a); B1%(n,o) and N14(n,p)

. A.A.BERGNAN, A.I.ISAKOV, YU.P.POPOV,
. P.L.SHAPIRO

A lead slowing down time neutron spectrometer was used to compare the energy
dependence of the cross sections of the (n,«) and (n,p) reactions for energies up
to 25 kev. The results of the measurements are compared with predictions that can be
made on basis of data pertaining to the nuclear levels of Li?, B! and N15 which are
the nearest to the neutron binding énergy. It is concluded that for E < 25 kev the
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oross section for the B1O(n,a) reaction does not depart. from the 1/v law by more than
5 - 10%. For the Li®(n,a) cross section the departure from 1/v is even less. The ratio
for the N14(n,p) cross section to that for Li®(n,«) is constant to within 3% up to
~5 kev; at higher energies it begins to increase. The increase is of the order of 10%
at E=25 kev. The cross section ratios He3(n,p)/Li®(n,o) and He3(n,p)/B(n,a) decrease
with increasing energy, the magnitude of the dip exceeding 15% at E=25 kev. This sig-
‘nifies that the He3(n,p) cross section decreases with-the energy considerably more
rapidly than the 1/v law predicts. The energy dependence of the He3(n,p) reaction up
to energies ~1 Mev can be satisfactorily described if an excited level with an angular
momentum O* is assumed to exist in the He? nucleus.

- Analysis of variation of the B10(n,«) cross section indicates the existence of a
level in B11 which possesses an angular momentum 5/2* or 7/2*, an energy E,~250 kev
and widths P ~400 kev, [';~200 kev.

Li7(p,t) Li% REACTION

N.A.VLASOV, A.A.OGLOBLIN

The triton spectra of Li(p,t) reaction at several angles have been obtained with
12 Mev protons. The group of tritons corresponding to the ground state of Li% has
teen observed in all spectra. In the small angle region a peak has been observed on
the continuous background due presumably to the Li7(p,p)Li7’*—He? + t reaction, at .
the energy corresponding to the expected group of tritons associated with the exci-
ted state of Li® The angular distribution of the main group of tritons shows that
the Li7(p, t)He® reaction proceeds essentially without formation of compound state.
The total cross section of tritium production has been measured as a function of pro-
ton energy. It amounts to 250 mb at Ep = 8 Mev and remains approximately cohstant
with further increase of energy.

.

SPECTRA OF NEUTRONS AND PROTONS FROM He® + d REACTION AND
ENERGY LEVELS OF Li® AND He®

[

E.P. ARTENOV, G.F.BOGDANOV, N.A.VLASOV,
S.P.KALININ, B.7.RYBAKOV, V.A.SIDOROV

The energy spectra of neutrons and protons from the bombardment of He bé 18 Mev
deuterons have been measured. Neutron spectra were studied by the time-of—f%ight
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method and proton spectra by the tme-of—fhght method as we11 as by the nuclear
emulsion technique. Energy groups corresponding to the ground states of Li% and He5
as well as continuous spectra due to the deuteron breakup have been observed. The
shape of the spectra is discussed in connection with the problem of the existence
of Li® and He® excited states at 2 - 3 Mev, on which there is no agreement in the
literature.

ENERGY LEVELS OF Li® AND He®

B.A. ALBITZKAYA, E.I.KARPUSHKINA,YU.L.SOKOLOV,
Y.¥.SULKOVSEAYA.

The interaction of fast deuterons (up tol17.5 Mev) and neutrons (14 Mev) with Li®
and Li7 nuclei has been studied using lithium impregnated nuclear emulsions. The adop-
ted experimental method permitted the identification of reactions resulting in the
emission of several particles. These reactions were shown to involve the formation
of the following Li® levels: :

*
E, =2.2 Mev (T = 0) E

5'545Mev(T=o)‘ E§ 5.2 Mev (T = 1)
E;'E'S?Mev(TnO) EgESVMev(T=1) E% = 7.5 Mev (T = 0)
B$ 28,3 Mev (T = 0)X E4 = 9.3 Mev (T = 0) E} = 10.0 Mev (T = 0)
E3,710.7 Mev (T = 0) E%,¥11.7 Mev (T = 0)(?)

Both channels of the reaction

~d + Iile5
a + N
Li® + n :

n + Irie*

e ) a ’ d
were investigated, one of them involving the formation of He®. The fornation of a |
He® nucleus in the ground state with E ~1 Mev with respect to a +n has been observed. |
The possible existence of an excited state of He® is discussed.’ o

Xpgoording to some indications this level seems to have isotopic spin T =.1.

-3 .
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(p,n) REACTION ON LITHIUM AND THE GROUND STATE OF Be®.

G.F.BOGDANOV, N.A.VLASOV, S.P.KALININ,
B.V.RYBAKOV, V.A.SIDOROV

The neutron spectra of(Li® + p) and (Li7 + p) reactions have been studied by the
time-of-flight method with 9 Mev protons. Groups of neutrons resulting from the
(p,n) reaction due to the ground state of Be® and to the three lower levels of Be”
have been_ observed, as well as a continuous distribution of low energy neutrons re-
sulting from many-particle reactions. The observation of a neutron group from the
.Li®(p,n)Be® reaction is the first experimental evidence of the existence of Be®. The
energy of the Li®(p,n)Be® reaction is 5.2 Mev and the width of the ground state is
no more than 0.3 Mev. The differential cross sections have been measured for.the ang-
les of 0,15,30,60. and 120°. . .

 ON THE RADIUS OF THE ALPHA PARTICLE

I.LEVINTOV

The potentiél parameters of the « particie are estimated and compared on the bé,‘-
sis of cross section and polarization data for protons scattered at low (¥ 10 Mev)
una high (% 315 Mev) energies. -

The « particle potential is chosen in the form
vie(r) + vy L de (1,5)
where p(r) is a function resembling‘nucleon density distribution; V4, Vg are real

"B low energies and complex at high energies. The potential is real at low energies
due to wne fact that the a particle is an especially compact system. ’

The reliability of the experimental data together with the specific properties

of the a particle connected with its zero spin, small radius and high binding energy
nakes possible unambiguous analysis with sufficient accuracy.

—
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The following potential parameters were obtained for the p - He* interaction:

Method Shape of 1o c 1013 cm | |v { Mev 'Iéal «1027¢p3
distribution 1

p - He# phase .
shifts exp (-‘:.—‘z) 2.3 4 47 3.3

1 - 10 Mev . o

p - He? cross
section and pola- exp(_.r_z) 1.8 24 3.3
rization, 315 Mev r3 : '
Scattering of
185 Mev electrons Uniform 1.6 -

It is especially interesting to note that the interaction radius r, decreases by
30% when the proton energy rises to 300 Mev. The pronounced decrease in the p-He4 ra-

dius observed already at p ~ 0.7 is a reflection of a general property of nuclear for

ces and is apparently related to the "delay" effects which should be-inherent in the
short range exchange forces.’

INTERACTION OF LOW ENERGY DEUTERONS WITH DEUTERIUM
AND TRITIUM

YU.G. BALASHKO, I.YA.BARIT

The scattering of low energy deuterons by deuterium and tritium and the D-T
reaction at low energies of the bombarding particles have been studied. The flux of
the bombarding particles in the scattering measurements has been determined from the
yield of the nuclear reaction accompanying the scattering using previously obtained
values of oross sections for the reaction. In order Yo eliminate foreign pulses
(background, scattering on admixtures, ete.), coincidences between the scattered
particles and recoil nucleus have been measured. The scattered particles were recor-
ded with proportional counters which were not separated from the gaseous target by a
window and which together with the target were filled to a pressure of 2 - 5 mm Hg.

D-D scattering has been measured at an angle o = 56.5° in the 100 to 600 kev energy
range (laboratory system). The ratios of the measured effective scattermg ‘cross sec-

tion to the effective cross. section for scattering in a. Coulomt field are listed beﬁlow‘
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By, ke 94 | 15 | 208 [ 262 | 300 | 3% 410 | 4707 | 532 | 595

/o, |0:95¢ | 1.06%|1.12¢| 1.204| 1.88¢ | 1.35¢ | 1.76%| 1.85¢ | 2.10%| 2.80¢
b0.12  [10.13 [:0.08 [40.10 [#0.12 |:0.11 | 10.13 [#0.15 |10.16 [40.18

Analysis of the results of the measurements makes possible the estimation of the
phase shift in the 53, state. The effective scattering cross section can be described
as a purely potential one.

D-T scattering has been measured at an angle of 90° in the c.a.s. and in the tri-
ton energy range from 100 to 700 kev. The results are listed in the table in the same
units as those pertaining to D-D scattering:

N Ep, kev c/oK

1 72+ 2 -0.84 + 0.08
2 90 +2  0.82 +0.06
3 -102+2 0.54 + 0.05
4 1332 0.55 + 0.04
5 163+ 2 0.83 + 0.04
6 187 +2 0.77 & 0.05
7 220415 1.12 + 0.07
8 " 24613 1.35 + 0.08
9 300 +4 1.82 + 0.10
10 3625 2.50 + 0.17
i1 418 £+ 6 3.20 £ 0.18
12 472 :5 3.60 & 0.22
13 6557 4,81 + 0.31

Measurements of the effective cross section for the D-T reaction were carried out
by Katsaurov et al. by means of a differentially pumped gas target and a thin zir-
coniun target. Use of a differentially pumped target permits an accurate determina-
tion of the magnitude of the cross section in the vicinity of its maximum. The mea-
surenents yielded a value of 107 2 1 kev for the peak deuteron energy and
(5.22 £ 0.1)10~24cn® for the effective cross section. The excited level in He® sh<mld
also affect the scattering cross section. The latter was calculated for reso-
nance parameters determined by analyzing the reaction taking into account potenti~ :
al scattering. The experimental scattering cross section values are close to those
obtained from the computed curves but lower by some 10 - 20%. A study of D-T scat- -
tering along with the D-T reaction makes possible a better check of the applicabi- |
lity of the resonance theory to the lightest nuclei and presumably also a more '
precise determination of the resonance parameters of the He5 level.

-6-
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MEASUREMENTS OF CROSS SECTIONS OF THE B1O(p,y) and B10(d,n)
REACTIONS

A K.RALTER, A.S.DEYNEEKO, A.YA.TARANOV

" The absolute cross sections of the B10(p,y) and B10(d,n) reactions have been mea-
sured in the low-energy region of bombarding particles produced by the electrostatic
accelerator. )

The method of absolute cross section measurements of the above reactions consisted
in the accumulation of the radioactive C11 nuclei in the bombarded target with a sub- -
sequent measurement of their radioactive decay. The positron activity was detected
using a tube-electrometer of peculiar construction, a ring-type multi-filament coun-
ter and an end-window counter. '

The reaction cross sections were measured at differ_ent energies of the bombarding -
particles: _ ‘
for B19(p,y) - .in the 325 - 1500 kev range,
for B10(d,n) - in the 100 - 400 kev range.

The following values of the cross sections have been obtained at low energies of
the bombarding particles:

ofp,y) = 5.10751 ca? by E, = 350 kev,
o(d,n) = 8.10-2% cn3 by By = 95 kev.

SLOW NEUTRONS SCATTERING BY ORTHO - AND
PARA-TRITIUM

V.2.KOLGANOV, A.V.LEBEDEV, S.YA.NIKITIN,
7.7.SYOLYANKIN, A.P.SOEKOLOV, D.B.DIATROPTOV

The scattering cross sections of ortho-and para-tritium for slow neutrons have been
determined by the transmission method. The measurements have been performed with an appara~
tus previously used for hydrogen and deuterium investigations. A method of production
and of analysis of big quantities of ortho-and para-tritium in gas form has been deve-
loped. Palladiun metal was used as a catalyst in ortho-and para-conversion. Special
precautions for working with such high gas activities (20.000 curie) have been dever .|
loped. ' ‘ : i

Two gas mixtures have been used to fill the scattering chamber: (

a) 75% ortho-and 25% para-tritium !

b) S5% ortho-and 65% para-tritiun.

7=
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the first mixture is at equilibrium at room temperature, the second at liquid hyd—
rogen temperature. . ) :
-The gas has been carefully purified since the presence of even a small admixture
of H3 (decay product of tritium) is very undesirable. Owing to its very large neutron
- cross section (3.104 barns) such an admixture can introduce considerable incertainties.
Six runs have been made (three with each mixture).
The results are: ‘

% ortho-tritiuyg - 45 t 1.0 barns

9 para-tritium - 1-0 * 1.5 barms.

INTERPRETATION OF TRANSITION PROBABILITIES
FOR REACTIONS IN LIGHT NUCLEI

B. H.FLORERS

Using the intermediate coupling methods of the shell model one can calculate
transition probabilities for several kinds of nuclear reaction. Results will be pre-
sented for reduced widths of some (n,y) and (d,p) stripping reactions in isotopes of
Li, C, N, and 0, for the p-decay of Li8, C14, N16, and 01°, and for some branching
ratios and lifetimes of y-ray emitting levels. Particular attention is given to the
enhancement of electric quadrupole transitions due to collective vibrations of the
oore. '
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POLARIZATION EFFECTS AT NUCLEAR REACTIONS

SOURCES OF POLARIZED PARTICLES .

B.P.ADYASEVICH, S.T.BELYAEV, YU.P.POLU-
NIN, E.R.ZAVOYSKY

The study of spin dependence of nuclear forces is of great importance. Experi--
ments on polarization effects occurring in nuclear reactions require double and-
sometimes triple scattering which presents great experimental difficulties.

Modern types of accelerators make it possible to accelerate beams of polarized
particles without practically any depolarization of these particles in ‘the process
of acceleration. : ‘

The construction of sources of ;iolarized particles may be based on the followin
principles:

a) the use of nuclear scattering;

b) the polarization of atoms through electronic spin;

¢) the use of metastable states 281/2_ ‘

The report discusses intensities which may be achieved with sources of this type
as well as several source designs. :

POLARIZATION OF PROTONS SCATTERED BY 01 SPIN AND
PARITY OF THE 3.11 Mev LEVEL OF THE F17 NUCLEUS

P.V.SOROKIN, A.K.WALTER, B.V.GAVRILOVSEY,
K.V.KARADJEV, V.I.¥ANKO, A.Y.TARANOV
t
The study of polarization produced in the elastic scattering of protons in the i
2.6-2.8 Mev range by 016 has been undertaken with the aim of determining the moment '
and parity of the 8,11 Mev state of the F17 nucleus. ' ’ ;
The degree of polarization of the proton beam. after scattering by oxygen nuclei
was-deternined from the asymmetry in the elastic scattering by He?. It was shown

IR GiFiGud. wSE G
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that the 3.11 Wev state of the P17 nucleus corresponds to spin 1/2 and negative
parity. "
Calculations of the polarization in the elastic scattering of protons by 016 have '
been performed for the energy range up to 5 Mev. It was shown that polarization
measurements at energies exceeding 3 Mev are of considerable. interest.for the iden—
tification of the F17 nucleus levels.

* SMALL~ANGLE SCATTERING OF D-D NEUTRONS BY Fb
G.V.GORLOV, N.S.LEBEDEVA, W.¥.XOROSOV

The asymmetry of neutron scattering by Pb and Be at 2° — 4° was investigated.C

3.85 Mev D-D neutrons, emitted at 45° with respect to thé ir}cident deutron ‘bean
(1‘},"= 1 Mev), were studied. By means of a wedge collimator and a target, imitating
a line sourcea sharply defined neutron beam with angular divergence of 1° was obtain-
ed.

Scattered neutrons were detected with & stylbene scintillation counter: ,

A strong background, consisting for the most part of y-ray counts, presénted the
main experimental difficulty. A massive lead shielding surrounded with paraffin-
borax blooks was used. Nevertheless, the backgrouna amounted to-% 50% of the total
counting rate. - . . : '

The azimuthal asymmetry of neutron scattering 'in the D-D plane was observéed, from
which the lower limit of neutron polarization at Eg = 1 Mev was evaluated to be
(16 % 8)%.

THE POLARIZATION OF y-RADIATION FROM THE $i% (p, y) P31 REACTION

P.N.TUTAKIN, S.P.TZYTCO, ¥.J.GONCHAR,
A.K.WALTER, A4.N.LNOV

i

“The polarization: of high-energy y-rays from. the 5i% (p, y) P31 reaction at pro-
ton energies Ep = 773; 930 and 978.5 kev was measured. . .

' (H’Q protons acoelerated in the electrostatic.-accelerator and thin targets
(15 - 20 mg/on®) of the magnetic-separated isotope 5i%0 were used. y-rays emitted at
80° to the proton beam were detected using’ nuclear.emulsions 'impregnated. with. heavory
water. . ' : :

.‘Ed - deutron emergv.

-104 . '
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The azimuthal angular distributions of the photo-proton tracks are given by tim
expression ¥ (¢) =1 + (R - 1) cos?p, where R is the ratio of the intensity of- yra-
diation polarized in the plane of the incident proton and the emitted y-ray, to the
intensity of y-radiation polarized at ri%ht angle to this plane. 4

Por electric dipole radiation Rgy = T:_:.' and for magnetic dipole radiation

Ry = "}%2 , where a is the coefficient at cos3p in the angular distribution of the
y-radiation.
The obtained values of R made possible the determination of the type of y-radia-
tion, and hence of the parity of the highly excited states of the P31 nucleus.

Epy Type of Energy levels | Spin
kev a Ry Ry1 R y-radia~ | of the excited | and
tion P31 nucleus parity
773 -0.5 3.0 0.4 | 3.8 E1l ° 8.04 3/2"
939 -0.8 4.0 0.3 0.5 M1 8.20 3/2
g70.6 | -0.5 | 3.0 0.4 | 2.9 E1l 8.24 '3/2”

POLARIZATION EFFECTS IN LIGHT NUCLEI REACTIONS

Y. 4. SNORODINSKY, 4.1.BAZ

In principle the problem of construction of a wave function of some nuclear system
may be divided into two parts: first, determination (from experimental data) of boun-
dary conditions at a nuclear surface and, second, construction (from the boundary
conditions) df the complete wave function of the system. -fe shall consider only the
first part of the problenm. A )

Detailed analysis, carried out for two particles with spin 1/2 shows that:

1) in the case of pure elastic scattering, in order to determine the values of the
wave funotion and its derivative at the nuclear surface, one has to exa_n_liixé not only
the differential oross section of scattering but also the pelarization and the cofte-

~ 1lation of polarizations of both particles, it being sufficient to make experiments
. with one, two and three scattérings; ' : , '

-11~
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2) ix{ the case where some inelastic channels are open, the analysis of the elastic
'scatt.ering alone cannot give enou‘gh information to determine the boundary values,

One has to make joint analysxs of the experimental data on the elastic and inelastic
processes. The total number of experiments one has to make depends on the properties
of the system. For example, this number is strongly reduced if charge invariance of
nuclear forces is assumed.

These results may be generahzed for h1gher sp1ns

MEASUREMENT OF POLARIZATION OF NEUTRONS FROM THE D +T REACTION
AT Eq = 1800 kev

JoJ+LEVINTOV, A.V.XILLER, V.N.SHANSHEV

Polarization was measured at neutron emission angles of 45°; 87 §° 90° 112 5°
. 135° (c.m.s.) by observing the azimuthal asymmetry of neutrons scattered by helium
in thin directional proportional counters. (A detailed description of the analyzer
is presented in Zhur. Esp Teor. Fiz. 32, 274 (1957) and Nuclear Physics 3, 221,1057)
" Tantalum targets of 30 keév thickness saturated with tritium were used. The angle
of rotation of the counters was 22°, Efficiency of the analyzer was 0.8 - 0.9. The
fbllowing preliminary results were obtained:

Angle %° e7.5° 20° . 135°

Neutron pola-\
rization,%

MEASUREMENT OF POLARIZATION OF PROTONS FROM THE
.. .D*DREACTION '\

' I.V.YERENINA, J.J.LEVINTOV, 4. ¥.¥ALYSHKO,
V.G.VIKOLSKY

A thin zirconiur mg;t saturated with deuterium was bombarded with a deuteron
bean of 1800 kev energy.
‘ Protons emitted from the target at an angle of 110° in the laboratory system enter-
ed an end wtndm counter “#illed with helium, Protons. which were scattered in helium

at angles of 75—1(5° were detected by means of cylindrical proporticnal counters
filled with argon.

-12-
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The pulses from the helium and argon counters were fed to coincidence circuits.
Proton polarization was determined from the scattering asymmetry of the protons in
helium. In order to exclude any possible effect due to asymmetry in the analyzer |
geometry the whole arrangement was periodically revolved 180° about the axis of the !
end window counter. An analyzer of this type permits the study of proton polariza-
tion in presence of a large neutron barkground.

The measured polarization for Eq = 1800 kev was 13% i 5%.
The Brinkleworth-Rose polarization parameters were employed in the calculations
of p - & scattering.

INVESTIGATION OF POLARIZATION OF PROTONS
ELASTICALLY SCATTERED FROM C12
- : A.E.WALTER, P.W.SOROKIN, A.JA.TARANOV

The polarization of protons elastically scattered by C1? nuclei has been investi:
gated in the 1,7-2,5 Mev range of bombarding energies in the laboratory system at
30°, 40°, 60° and 90° scattering angles in the c.m. system.

The polarization was determined from data on the azimuthal asymmetry of _protons
after secondary scattering in helium gas, S

Obtained values were compared with values calculated on the basis of the phase- i
shift analysis for protons scattered by C12,

Experimental and calculated values agree to within the accuracy of the experi--
ments,

RECENT POLARIZATION EXPERIMENTS ON THE.
HARWELL CYCLOTRON

B. g. FLOFERS

The depo‘larisa.uon of polarised 140 MeV protons in pp collisions has been measu-
red by the Harwell cyclotron group as a function of scattering angle. The results
are in good agreement with the Marshak potent1a1 but not with the Ga.mmel-'l’haler
potential.
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'NEOTRON  REACTIONS

INTERACTIONS OF SLOW NEUTRONS WITH NUCLEI

VJJ“MH%H,LAMM%IJJMM”W
AND V.V.SOROLOVSKY

The report presents slow neutron resonance

parameter data. The experimental data
are compared with the different nuclear models .

CHARACTERISTICS OF A LEAD SLOWING DOWN TIME SPECTROMETER
AND MEASUREMENT OF CROSS SECTIONS FOR THE (n,y) REACTION

A. A. BERGHAN, A.I.ISAKOV, YU.P.POPOV AND
F.L.SHAPIRO

By employing a scintillation cduz;ter with a controlled multiplier for registra-
tion of capture y-rays and using a time analyzer with a 0.5 uwsec channel width it
has been possible to-investigate in the hundred-thousand ev energy range the charac-
teristics of the slowing down t.imé"spectrometer. Measurements of the energy depen-
dence of the capture cross sections for substances with widely spaced levels .
‘(‘l,\l, Cl, Na, Pe, Ni, Cu, Bi, Pb, Mn, Mo) were perforned with.the purpose of determin-
ing the resolving power and the dependence of the mean neutron energy.on the slow-
wing down time. Results of the measurements are presented and discussed. Levels at
1200+ 100 ev in Fe and 17003+ 150 and 2800 + 200 ev in Pb were detected; the existence
of a level at 405 ev in.(l is confirmed. The 405 ev level is nanifest in the (n,y)
as well as (n,p) reacticns:An energy value, which appreciably differs from those
presented in other papers, has been obtained- for the negative level in chlorine. The:

width ratio l"p/I". for the negative level is much smaller than that for the 405 ev level

|
|
|
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The monoenergetic neutron capture cross sections have been measured at ‘the ener-
gies 2.5, 3.1 and 4.0 Mev using the activation method. The capture cross sections of
1137 have been used as standart cross sections. They aré equal to 51, 44 and 37 mb
at 2.5, 3.1 and 4.0 Mev respectively. The obtained results are compared with data of
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FAST NEUTRON CAPTURE CROSS SE_CTIONS.IN' THE REGION OF

" "MAGIC" NUCLEI

YU.V.GOFNAR, N.V.PASECENIK

other authors and presented as a function of energy and mass number (Table 1).

: ) A Table 1
Capture cross sections in mb
4| Nucleus Half-life 2.5 Mev - 3.1 Mev ) 4"Mev
‘a
1. | mis0 5.79 min . 0.82 0.73 0.7,
2. | Cu®® 51 " 42$0.32 | 89:031 | 35:0.3
3. | Ga®® 2.3 " 13 :1.5 12.3 ¢ 1.8 12 :1.3
4 | cem g2 " 10 $0.7 7.5 £ 0.6 '8 $0.5
5. | Ro® 7.7 " 1.5 1 0.4 1.4:0.3 | "1.1:0.2
6. | Mol00 148 " 6.311.2 5.6 +1.0 4507
7. | mtos 4 sec 54.7 £ 4.5 43.5¢32 | 348227
8. | Enl08 4.7 min 9.8 + 1.9 8.9 ¢ 1,4 7.7 ¢ 1.1
o. | patio g2 " 22120 | 20 218 | 1.2:18
10, | Snl33 0 " . 7.5 8.5 5.7
11, | Te128;180 7 | 124:33 | 10.1%3.0 7.2 £ 2.1
12, | Batse 85 nin 1.1%0.5 1.0 £ 0.4 0.74 0.3
18. | prist 9.1 h 8.8 £ 0.4 7.1 1 0.3 6.3.1 0.2
14| wies 24 - % 19
| 16, | 1308 4.2 min 52103 | 50702 5.110.2
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SMALL ANGLE SCATTERING OF FAST NEUTRONS BY HEAVY NUCLEI -

~

YU. A. ALEXANDROV

Nuclear forces make the main contribution to neutron cross-section scattering.
Moreover, a number of supplementary effects due to electromagnetic: -interactions of
neutrons with nuclei should be expected, in particular the interaction of magnetic
and electric (induced and possibly intrinsic) neutron moments with the electric
field of the nuclei.. The contribution of above mentioned phenomena to the scattering
cross-section will be the greatest for neutron scattering by heavy nuclei. It must
manifest itself in the abnormal behaviour of the small angle differntial cross sec-
tion since electromagnetic forces act within a longer range than nuclear forces.

The interaction of the magnetic neutron moment with an electric nuclear field has
been theoretically investigated by Schwinger, Sample and Baz. For the purpose of ex-
perimental detection of this ﬁhenomenon the angular distribution,of mean energy
neutrons ~3 - 4 Mev scattered by Pb and Cu in the angular.interval between 0.7° and
8° has been investigated. In the region of angles 2° for Pb(Z = 82) an increase in
the cross section, characteristic of the scattering predlcted by Schwinger has been
observed. ‘

More accurate measurements of the angular distribution of neutrons scattered by
U, Pb, Sn and Cu nuclei in the angular interval from 0.6° to 10° - 12° have been
undertaken. For U and Pb .the course of the cross section curve notlceably differs
from the theoretical curve. .

The problem of the existence of a neutron intrinsic electric dipole moment has
been discussed in the literature at an earlier date as well as recently. It follows
from Smith's experiments that the intrinsic neutron electric moment, if it exists
at all, must be £5.10-3e CGSE. Evaluations show that the contribution to the cross
section scattering due to the existence of a neutron electric moment of this order
of magnltude is negligibly small.

~ In a'strong electric field the deformation of the meson cloud of the neutron may
“give rise to an- electric.monent.

Prellmlnary theoretical- ‘investigations of this phenomenon were carried out by
Barashenkov and others. It follows from their works that the polarizab111ty coeffi-
cient 21041 cm3; At this value of a the effect may be noticed in small angle
neutron scattering by heavy nuclei.

Measurements of the angular neutron d;stribution of 2 Meg)mean energy scattered -

Pu, U, Pb, Bi, Sn and Cu nuclei ip the angular interval from.3° to 25° have been

jmdertaken. For Pu and U a strong increase of the cross section region of angles 11°.
] : ‘ o ‘
R (2
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that cannot be explained by Schwinger scattering has been observed. This increase of

the cross section may be tentatively attributed to 'thé existence of neutron "polari-
zability", -

INELASTIC SCATTERING OF NEUTRONS BY SPHERICAL -
' NUCLEI :

4. X.KOROLYOV ..

The present paper deals with the inelastic scattering by spherical nuclei taking
into account the collective excitation of the nuclear surface on the bagis of
" A.Bohr's unified nuclear model. The intermediate states of the compound nuclei are
" neglected. Tamm-Dankov's method is used and the nonstationarity of the process is
taken into consideration on the basis of Heitler's damping quantum theory.

The wave function of a system consisting of a neutron and a target nucleus is
considered in the representation of the occupation mumber of excitation quanta of
the nuclear surface (phonons) and is expanded in a series of the eigenfunctions of
unperturbed problem. Substituting this expansion in Schrddinger's equation we obtain
& systen of infinite number of comnected integral equations for different quantum
state amplitudes in the p-representation. Cutting off the obtained equation system
at amplitudes with the number of phonons n > 3 and taking into account that the col-
lective interaction of a neutron with a nucleus takes place at the surface of ‘the
nucleus we obtain the solution for the state amplitudes. ‘,

o j

In the present case the.obtained 1n£egra1 'éciuation systen for the state -ampli tudes.

' is solved with high precision without introducing any supposition about the interac-
| tion constant with nuclear surface. The obtained encrgy dependence of neutron inela-
; stic scattering cross section coincides with the well-known dispersion formula. It
| has maxima at resonance energies and is characterized by ‘the half-width T(B,). This
| means ‘that quasistationary intermediate states with finite lifetine may exist in the
case of direot interaction. They, however, differ essentially from the compound nuc-

md\\ nuocleus. o K
A -17-
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leus states. The angular distribution of neutrons die to direct interaction.will .dif--
fer from that of inelastically scattered neutrons associated with the formation: of.
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DETERMINATION OF NUCLEAR ENERGY LEVELS FROM INELASTIC
SCATTERING OF FAST NEUTRONS

I.P.BARCHUE, N.V.PASECHNIK, YU.A.TSYBULKO

The energy levels of a target nucleus are excited due to the inelastic scattering
of fast neutrons. The energy levels may be investigated by measunng the y-ray spect-
ra from de-excitation of the nuclei..

The present paper reports on measuremeénts of the y-ray spectra excited due to the
inelaStte~scattering of 2.8 Mev neutrons from the reaction D(D,n)He3 in Mg, Al Fe,

The ring scattermg geometry was used.
The following data have been obtained for the energy of y-rays (m Mev):
0.97; 1.41; 1.92; 2.3
0.84; 1.00; 1.80; 2.16
0.84; 1.25; 1.46; 1.70
0.83; 0.78; 0.96; 1.12; 1.38; 1.46; 1.72; 2.03
0.84; 1.16; 1.50; 1.80; 2.16
1.04; 1.50; 1.84; 2.16.

The relative intensities of y-rays have been evaluated for each element. indepen—
dently. -
A good agreement between our data and data obtained by other authors has been
obtained for Mg, Al, Fe and Cu. Apparently the spectrus of Sb y-rays has not been
investigated before.

FEERER

SEARCH FOR NEW REACTIONS INDUCED BY FAST NEUTRONS . }

"My

YU.A.GRITS, D.B.KRULELIDZE, i’.P.SE’LINOV,
o V.S. ZOLOTAREV

‘ Nuclear reactions induced by fast neutrons 01 separated gerxﬂan‘ium isotopes were

,  investigated: . : . -

a) Ge”3(n, u.)Zn69 , o
"b) Ge”%(n, p)Ga”3

-18-
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c) Ge”4(n, p)Ga74
d) Ge”8(n, p)Ga76

e) Ge”3(n, 2n)Ge”1.

Radioactive isotopes obtained on separated selenium isotopes (Se30°and Seaz) as
a result of (n, &), (n, p) and (n, 2n) reactions were also examined.

A table of possible nuclear reactions induced by fast neutrons is presented.

\\
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DEUTERON REACTIONS

DIFFRACTIONAL DESINTEGRATIONS OF DEUTERONS AND THE
-STRIPPING REACTIONS

A.1.AREIEZER, A.G.SITENKO.

The_ interaction of deuterons with nuclei may be investigated by means of the
optical model in the energy range of the order of several scores of Mev. Within
this energy range the following processes due to the interaction between deuterons
and nuclei are possible: absorption and scattering of the deuteron, stripping of
the neutron or the proton and diffractional disintegration of the deuteron.

In the case of absolutely black nucleus a theory of the stripping reaction tak-.
ing into account the finite radius of the nucleus may be developed.~The integral
cross section of the stripping reaction is then:

= £ I1(E)
- O | cp = 1@!?‘{1—2.[ E arc tg - B lg dg}

where P= -g— (R and Ry are the radii of the nucleus and of the deuteron). The energy
distributiog of the released particles (neutrons or protons) is determined by . the
expression: ) \ '
: : ‘ E-1E
do_(k;) = Plk,)dk,, — 2
A b'E_/M

(]

a \/
F(k)nepR fk (pg 1+—)(acsmg+g l-E)EdEv

where E, is the energy of ‘the incident deuteron and M is the mass of the neutron.
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In the limiting case p >> 1 these formula coincide with the result obtained by

R Serber. Due to the stripping reaction the absorption cross section of the deute-
rons by black nuclei is found to be smaller than the geometricé.l cross section of.
the nuoleus and is determined by expression:

)
Ced P p e I, (8
o = 2nR _of ry arctg = -L——E aE.

In the limiting case p >> 1 this cross section is equal to nR® — %RRd

DEPENDENCE OF THE Ca*°(d,p) Ca** REACTION
CROSS-SECTION ON DEUTERON  ENERGY

V.G.NEUDACHIN, I.B.TEPLOV

All existing theoretical calculations of reaction stripping cross section for
deuterons of low energies (0-20Mev) are based on the perturbation theory,although
it is well known that the perturbation theory is not a.pphcable in this range.
The calculated angular distributions are in good agreement with the experimental re-
sults. The form of the angular distributions seems, however, to show comparative-
ly little sensitivity to any variants of theory. The value of total cross- section.
and its change depending on the incident deuteron energy is much more sensitive.
However, a comparison of the calculations on the perturbation theory with experi-
mental data in this direction has never been attemped, although it would be of
interest for the development of a more satisfactory theory of the stripping reaoc- .
tion to determine in what way the results of perturbation theory differ from ex-
perimental data and how great this difference is.

The present paper reports experimental values of the total cross section of
Ca® (d,p)Ca%* leading to the formation of a residual nucleus in the, ground state
(the neutrons are captured, in this case, with 1=3). The obtained results are com-
pared with different calculation variants a.ccordmg to the perturbation theory.

The experinental “data obtained for three values of deuteron energy (1.35,2.16 and
4.0 Mev) ising nuclear emulsions are given in ‘the second line.of the table.

Theoretical calculations were performed, taking into-acoount the Coulomb inter-
action for different variants of deuteron- nucleus.and proto-nucleus interactions
(deuteron and proton scattering by a hard sphere adsorption of protons with
1 € 1, etc). Results of calculatidis for two cases sre examplified in  the
table: the Coulomb interaction only; the Coulemb inteéraction and deuteron and pro-
ton scattering by a hard. sphere. . - .

-21-
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Table
Ey (Mev) 135 216 4.0 50
"exp; (mb) 0.D40 22 21 -
%heor, (ED) 0.018 C. 45 30 8200
("Coulomb")
%tnheor, (mb) 0.010 0.16 80" 1700

("Coulomb” + "hard sphere")

The obtained results show that there is no satisfactory agreement between the
theoretical and experimental excitation curves. There is a significant difference
both in the order of the crosssection value and in the ‘excitation curve shape.

DEPENDANCE OF ANGULAR DISTRIBUTIONS IN STRIPPING REACTIONS
UPON THE CHARGE OF THE TARGET NUCLEI.

I.B.TEPLOV, B.4A.YURYEV.

The nuclear emulsion technique was used to obtain the angular distributions of
long-range proton groups arising in the following nuclear reactions P®*(d,p)P®%,
$°%(4,p)$®, C1°%(4,p)C1%®, K°°(d,p)K*® and Ca“®(d,p)Ca**, as well as these of the.
proton group, corresponding to the formation of Si®® in the first excited state
from the Si”(d,p)Si89 reaction. 4 Mev deuterons accelerated on a 72 cm cyclotron
of the Moscow University were used. ) .

In the investigated reactions in Si°®, p®, @9, and C1®° the neutron is ca
tured in the Id_ state i.e. with orbital moment 1-2 Therefore the angular
distributions in’ the above reactions should be similar. However, the obtained an-
gular distributions noticeably differ from one another. A sharply-marked seconda-
ry peak almost equal inheight to the main peak has been observed besides the main’
'peak in the angular distribution of protons arising in the s®8(q,p)s®® reaction. .
For the silicium reaction a comparatively small height of the main peak as cbmpa—
red with the isotropic part of the angular distribution has \been.dbserved. The
mest reasonable explanation of the observed differences is the assumption that the
mechanism of formation of the compound nucleus greatly affects the angular di-
stributions. :

In the K®°(d,p)K* and the, Ca%®(d,p)Ca® reactions the angular distributions
are almost similar. Since previously published data show that 1=3 in the calcium
reaction, it may be concluded that in the case of potassium ‘the neutron is captur-

ed with 1=3 thus confiming the prediction o. the shell model. However, it was
impossible to determine the value of 1 by direct comparison of the experimental

- *-zz_
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results with the angular distributions calculated in aéoordancé with the simple
stripping theory (Butler theory), owing to a significant shift of the main maximum.
{approximately 30°) towards small angles. A similay although’ less noticeable maxi-
mun shift (of a few degrees), occurs also in the first four reactions. It may be
»wesumed that for % Mev deuterons the simple stripping theory could be applied in
the range Z < 18 (at least for 1=2 and l= 3).

Angular distribution was also obtained for the ca*®(d,p) Ca"‘ reaction with deu-

teron energy of about 2.2 Mev. In this case the maximum of the differential
cross section proved to be near 0°, which means a still further increase of the
shift.

STUDY OF INELASTIC SCATTERING OF DEUTERONS BY
Li”, F*°, Na®®, Mg®*, A1®7 NUCLEL

E.A.RONANOVSKY, C.F.TINUSHEV.

Up to the present data on the inelastic srattering of deuterons by atomic nuc-
lei at 5 < By < 15 Mev are scarce and incomplete. .
There is still no unambiguous theoretical explanation of these data. In the
E=5 Mev range experimental data on inelastic scattering of deuterons are almost
completely lacking. This paper presents the results of experimental and theoreti-
cal invespigation of inelastic scattering of deuterons with E; < 5 Mev from a se~
ries of light nuclei (Li”, F*°, Na®®, Mg®¢, A1°").
The deuterons were accelerated on the 72-cm cyclotron. Groups of inelastical-
1y scattered deuterons have been analyzed using an analyzing magnet with hxgh .
luminosity and good resolution power, which made possible an exact determination
of their energies. N '
Differential cross sections of elastic and inelastic- scattermg of deuterons
_have been determined for @;,p, = 91°
The differential cross section of 0.475 Mev level of Li” bombarded by deute-
rons with E; = 4.54 Mev is 35 mb/sterad.” When bombarding F1® by deuterons with
energies 4.49 and 4.05 Mev groups of deuterons were detected, corresponding to
F*° levels: 0.197; 1.355; L 410; 1558 Mev with —§g (E; = 4.49 Mev) equal
to: 16; 2; 2; 8.6 mb/sterad. respectively. For 0.439 Mev level of Na?3
' -i— 9 mb/sterad. (E = 4.48 Mev). The excitation ‘cross sections of 0.843 and

L01'3 Mev levels of Al”" (Bg = 4.49 Mev) are 2 per cent and 3.5 per cent from
the elastic
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scattering cross ;section. Excitation cross section of 1 37 Mev level of Mg‘N is
14 per cent, at E; = 4.48 Mev.

The obtained cross sections of inelastic scattering of deuterons are compared
with theoretically obtained cross sections and a series of conclusions on relati-
ve probabilities of different competing mechanisms of the process of inelastic
scattering are derived
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COULOMB EXCITATION OF NUCLEI
AND PROTON REACTIONS

THE COULOMB EXCITATION OF NUCLEI

D.G. ALKHASOV, D.S.ANDREJEV, L.N.GALPE-
'RIN, A.P.GRINBERG, G.X.GUSINSKI,
K.I.JEROKHINA, I.KH.LE¥BERG

1. Investigation of the Coulomb excitation of nuclei by cyclotron accelerated nit—
rogen ions,

The ratio .of cross-section values for the Coulomb excitation of nuclear levels by
heavy ions and protons was calculated. In some cases the use of heavy ions for the
Coulomb excitation has advantages over the use of protons and alpha-particles. This
was checked experimentally by using triply charged nitrogen. ions accelerated in a
cyclotron to 15.6 Mev The current on the external target was equal to 0.2 - 0.5 pA.
The gamma-radiation was investigated with a scintillation spectrometer connected to
a 50-channel pulse height analyzer. Nuclear levels were excited in 19 elements. The
highest energy of excited levels was equal to ~600 kev.

Data obtained confirmed the preliminary calculations. The relative value of the
"X-ray background was found to be considerably lower than when working with protons..

. For all the nuclei with Z 59, lines that could be ascribed to nuclear reactions were
not discovered in spectra, '

" It was further shown that the values of the reduced probability of tramsition,
B(E2), obtained by us are in good agreement within experimental errors with the values
obtained by other authors with protons and alpha-particles.

During the investigation of the Coulomb excitation by nitrogen ions with an energy
of 25.4 Mev, for the majority of elements we have observed lines with E e=1,3-1,8Mev
and 2.3 Mev. Preliminary considerations about the nature of these.lines are given.
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2.'Inyestigation of Coulomb excitation of nuclei by cyclotron accelerated alpha-
particles.’

a) The Coulomb excitation of separated tin isotopes.

For the excitation of nuclear levels of tin alpha-particles with energies from 10.2
to 14.5 Mev were used., Separated isotopes of tin in the form of metallic samples were
used as targets. ‘ "

The results of investigation of even—even tin isotopes are given in table I. Here
AE = the energy of the first excited level according to our data, AE* = the energy
according to data known from investigations of beta-decay or the (n,n’) reaction,
B(E2) = the experimental value of the reduced probability of the electric quadrupole
transition from the ground to the first excited level, « = life time of the first
excited level calculated from the experimental values of B(E2) obtained-by us.

In the bombardment of Snil”, lines with E = 0.162, 0.865 and 1.03 Mev were found;
in the bombardment of Sni1®, a line with E = 0,907 Mev. With Sn215 we have not disco-
vered any lines.

Table 1
Nt  Isotope | AE, Mev AE*, Mev Blg&l. 1048 cpt | 7.10%2 sec.
e
1 Snl13 1.26 : 0.18 7.0
2 Snlld 1.30 1.30 - 0.20 5.2
3 gnlié 1.29 1.27; 1.30 0.19 5.9
4 snl18 1,22 0.19 7.8
5 Sn120 1.18 1.18; 1.30 0.17 10.2
8 Sn132 1.15 1.14 0:15 12,7
7 Snl34 1,13 , 0.14 15.1

b) The Coulomb excitation of separated nickel isotopes. Alpha-particles accelera-
ted in the cyclotron to E = 7.2 Mev were used. The results of the investigation are
given in Table 2,

Table 2
N Isotope AE, Mev B(E2) .1048 cpd | < - 1013 seo
3 : .
e
: Nise 145 0.049 13
: ne 1.33 0.054 18
; e L1 - 0.061 28
4 Nis4 1.35 " 0.087 o
.%-
Lo TN \ﬂfy/
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c) Preliminary results on the investigation of the Coulomb excitation of Rb®7,
Cd108, isotopes of zinc and zirconium by means of alpha-particlesaccelerated in the
cyclotron to E = 7.2 Mev were obtained.

GAMMA RADIATION PRODUCED IN INELASTIC SCATTERING
BY INTERMEDIATE WEIGHT NUCLEI '

A-K.WALTER, I.I.ZALUBOVSKI, A.P.KLJU-
CHAREV, V.A.LUZIK

‘The excitation function and angular distribution of gamma-quanta produced, in
proton bombardment of different targets has been investigated by means of a scintila-
tion gamma-spectrometer.

The proton energy varied within the 1.8-3.4 Mev range. _

Targets made of chromium, manganese, nickel and germanium natural isotopic mixture
as well as targets enriched with Pe®4; Cu®3, Cu®5 and Zn®8 were used.

A great number of gamma- lines were observed, some of them for the first time.

An analysis of gamma transitions for Cu®® enabled us to build a diagramme of lower
levels for Zn®5, which slightly differs from previously published variants.

A calculation of the energy of the original state of Cuf® shows that it is satis-
factorily described by the model of a non-spherical nucleus with a negative deforma-
tion,

An attempt has beenmade to determine the origin of the 503 and 648 kev gamma-1i-
nes and to explain the great level width (1380 kev) of iron - 55.

ELASTIC CROSS  SECTIONS FOR 19.8 Mev PROTONS
SCATTERED BY Co5®, Pb307, pp208, pj200 gnq U338

R.A.VANETSIAN, A.P. KLJUCHAREV,
E.D. FEDCHENEO

As-source of protons a linear accelerator was used and a beam of protons then
obtained was biassed and then collimated, Targets consisting of thin foils were
placed in“the scattering chamber and the scattered protons were registered by a
photomultiplier provided with a NaI(Tl1) crystal. '

The differential cross section for all of the nuclei observed was measured within
the angle interval of 20° - 160° with an accuracy of ~ 18%.

The following results were obtained for Co: the differential crossasection has
two sharp minima of 720° and 117° and two maxima at 87° and 150° respectively,

The dependence of cross. sections on angles for Pb207 and Pb28 js analogous but
the location of minima and maxima is slightly displaced toward lesser angles. In

-27-
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the differential cross ‘section tor s1 the maximum in the interval of 70° - 80° did
pot manifest itself sharply and the locationof the other maximum and minimum is
still more displaced toward lesser angles than for Pb308, Por U338 the differential
cross section was found to be strongly smoothed and it did not show sharp maxima
except for angles of 70° -~ 80° where smoothed maximum was obgerved

INVESTIGATION OF y-RADIATION FROM THE 5i30(p, y)P31 REACTION

S.P.T2YTRO, P.N.TUTAKIN, V.J.GONCHAR,
AN.LKOV, AK.WALTER, J.P.ANTUFJEV,
E.G.EOPANETZ

The $i30(p,y)P3! reaction and y-radiation from excited states-of P31 has been
studied, The differential and integral excitation functions, the spectra and the
angular distributions of y-rays as well as the absolute values of the reaction
yields for some resonances have been measured.

The resonances at Ep = 500; 619,5; 688; 675; 757, 773; 832,5; 939; 956.5; 975.5
and 979.5 kev have been observed, using protons, accelerated in the electrostatic
accelerator, and thin targets (5-10 ug/cm®) of the magnetically separated isotope
Si80, as well as thick targets from natural mixture of silicon isotopes.

The obtained results for the excitation function and the absolute values of the
reaction yields are tabulated below (Table 1)

‘Table 1,
Eg W .
(kev) (Mev) I ‘Y’ 107,
500 7.774 : - T -

. 619.5 7.880 , 0.80 7.1
668 7837 . 0.10 -
875 7.9843 0.05 -
T 8.023. . 0.10 -
7738 8.038 0.32 2.9
832.5 : 8.086 0.12 _—
939 8.199 0.45 + 3.3
956.5 . 8.216 0.10 -
975.5 ’ 8.224 0.25 -
979.5 8.237 0.45 3.3

«
¥
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where Bp = the proton energy, W = the energy of the excited level, J = the relative
intensity, Y = the absolute yield. :

The y-ray spectra were measured using scintillation spectrometer with a CsI(Te)
crystal 3x2 cm, a photomultiplier and a 50-channel pulse height analyzer with a
mercury-delay line as " a memory".

The angular distributions of the most intensive y-lines corresponding to a direct
transitions to the ground state have been measured at all values of the resonances,
as well as the angular distributions of y-lines at 1.26 and 6.5 Mev associated with
a cascade transition from 7.774 Mev excited level to 1.26 Mev level,

The obtained angular distributions may be expressed in the form: f(e)= 1 + cos?s,

Spin values for high excited levels of the P3! nucleus have been derived from the
angular distributions. The values of the coefficient "a" and of the sSpins are present
ed in table 2.

Low energy y-lines presumably corresponding to lower levels of the P31 nucleus
with excitation energies: (0.43), 1.26; 2.23; (2.7), 3.5; 4.0 Mev, etc. have likewige
been observed.

Table 2
E, B "an W I

(kev, (Mev) (Mev) ~ Spin

500 1.26 ~-0.42 1,26 3/2
6.50 0.83 -

7.77 -0.44 7.77 3/2

619.5 7.88 0 7.89 1/2

773 8.04 -0.44 8.04 3/2

939 8.20 - =0.81 8.20 3/2

979.5 8.25 -0.47 8.25 + 3/2

THE SCATTERING OF FAST PROTONS BY NONSPHERICAL NUCLEI

v

S.I.DROSDOV

The scattering of fast protons by nonspherical nuclei is considered assuming
the proton energy to be large as compared with the Coulomb barrier energy. The black
nucleus model and the adiabatic approximation are likewise used, i.e. the proton mo—
tion is assumed to be fast in comparison with the rotation and vibration of the nue-

leus. In the present case the evaluation of scattering cross sections is reduced to
_m-
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‘the evaluation of the scattering amplitude for a fixed nucleus, the amplitude being
represented by the sum of the diffractional part and the amplitude of the scattering
in the electric field of the nucleus. Both parts of the amplitude arev.galculated on
the assumption that the form of nucleus closely approximates a sphere. For nuclei
possessing vibrational levels the angular distribution of elastically scattered pro-
tons coincides with that for scattering by spherical nuclei, For nuclei possessing
rotational levels the angular distribution of elastically scattered protons essenti-
ally depends on the degree of nonsphericity of the nucleus.
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PHOTONUCLEAR REACTIONS

INVESTIGATION OF THE (yp) REACTION ON INTERMEDIATE
WEIGHT NUCLEI

R.Sh. ANIROV, V.V.AKINDINOV, R.N.OSOKINA,
B.S.RATNER _

Targets enriched with isotopes Cd'l% and Cu®® were irradiated on the 30-Mev syn-
chrotron. The energy and angular distributions of photoprotons were measured at se~
veral values of the maximum bremsstrahlung energy.

The results are discussed and compared with different models of nuclear reactions.

PHOTODISINTEGRATION OF LIGHT ELEMENTS
S*4.E.JOHANSSON, B.FORKNAN

Nitrogen, oxygen and fluorine have been bombarded with bremsstrahlung at various
energies.-The emitted protons were recorded by nuclear emulsions. The resulting pro-
ton spectra exhibit well resolved peaks corresponding to resonances in the photon
absorption process. If the maximum bremsstrahlung energy is set fairly close to the
threshold, only a limited number of levels are excited and the proton groups are well
resolved. When the maximum energy is increased, the proton spectra become more complex
but knowing the lower resonances one can calculate the contribution from the lower
resonances and subtract. In this way it is possible to resolve the proton spectra
step by step by using different bombarding energies. Tne width of the peaks supplies

) it
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some information about the character of the photon. absorption. For the strongest
peaks one can plot angular distributions which furnish additional information about
the resonances. In the case of oxygen the experimental results can be compared with
recent calculations by Elliott and Flowers. The agreement is excellent.

ANGULAR AND ENERGY DISTRIBUTION OF PHOTO-NEUTRONS

L.E.LAZAREVA, G.N.ZATZEPINA, V.V.IGONIN,
A.I.LEPESTKIN .

Samples of Bi, Au and Ta were irradiated with X-rays of maximum energy Eax=14 Mev
and E - = 18.9 Mev.

The energy. distributions of photoneutrons were measured for angles of 30°, 45°,
80°, 135° and 150° to the X-ray beam.

The energy distribution from Au, Bi and Ta shows an excess of high-energy neutrons
of ~ 10% compared to the spectrum expected from statistical theory. '
o The excess of high-energy neutrons was observed at E .z = 18.9 Mev as well as at
Egax = 14 Mev. . . .
‘This shows tha%’fﬁgzg;ocess of direct interaction takes place in the region of the
giant resonance. . S .

These results are in agreement with data of other authors who measured angular
distribution for photoneutrons from Bi with energy > 3 Mev by the threshold detector
metnod. ) ‘

The angular distributions of photoneutrons from Bi, Au and Ta are different. The
highest anisotropy is found for Bi. The results are compared with Wilkinson’s cal-
culations.

LOW ENERGY GAMMA-RAYS IN THE F*°(p,ay)0'® REACTION

S.A.E.JOHANSSON, H.MORINAGA

The gamma-ray spectrum'resulﬁing ftom'proton bombardment of fluorine has been ca~
. refully investigated in order to find _gamnia-transitions between the first four exci-
ted states in O'. The ‘transition between’the 6.91 Mev and the 6.14 Mev states was

~32-
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found. Upper limits were set for the other three possible transitions. These valnes
furnish information about the strength of. the isotopic spin selection rules.

PHOTODISINTEGRATION OF HELIUM

A.N.GORBUNOV and V.M.SPIRIDONOV
Protodisintegration of helium was studied with a cloud-chamber located in" the
magnetic field and operating in the bremsstrahlung beam of the synohrotron of the
Lebedev Physical Institute. : ‘
At 170 Mev maximum energy about 10 OOO pictures were obtained. The number of pho-
todisintegrations in helium registered on these pictures is shown below:

He4 (yn)He3
He* (ypn)D+He? (v,2p,2n) . . .
i 59

The cross sections and’ angular distributions for 1p, Yn and ypnd reactlons have
been measured. The results show that

1) the electrical dipole absorption of the photons makes the principal contribu-
tion to the cross section for yp and yn reactions at energies below 30 Mev. At ener-
gies above 30 Mev the electrical quadrupole absorption of photons leads to a strong
forward asymmetry in the angular distribution of protons for the Yp reaction in the
center-of-mass system. For the yn reaction thls asymmetry relatxve to0 80° c.m. is
absent within the experimental errors, the angular d1str1bgt1on below and above
30 Mev remaining close to sxnzeczm,

2) ‘the angular distributions of protons and neutrons for the He*(y,pn)D reaction
are similar to angular distributions of ‘particles from the photod1s1ntegratlon of
deuteron. Thls shows that the two-nucleon-mechanism plays an\appreclable role in the
photon absorptlon at energies above 30 Mev;

3), from the experlmental cross sections for yp, yn and ypnd reactxons the integral
_cross section for the photon.absorption by the helium nucleus has been ‘calculated. The
obtained value o4, = Jolw)dw = 100+ 7 Mev-mbn is in satisfactory agreement with the

" sum rule calculations for electrical dipole.absorption. The expérimental value

Gapa (W
J -Lba—— dw = 2.410.15 mbn leads to the nuclear radius paranmeter rg (1 1zto.o4)x1o‘13

which is in good agreement with the value r, obtained from the electron scattering
experiments in helxum, :

x
{
i
)
{
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4) the approximate equality of yields of the He*(yp)H® and He*(yn)He® reactions
(% = 0.95$0.04) and the low yield of the He*(yd)d reaction (%%g £0.02) are in

good agreement with the predictions of the charge-independence hypothesis.

PHOTODISINTEGRATION OF NUCLEI BY GAMMA - RADIATION FROM LENINGRAD
SYNChROTRON AT 60-90 Mev

E.B. BAZHANOW, J.P.JAWOR, A.P.EKONAR,
L.A.RULTSEITZRY, E.D.YACHNOWSKY,
W.P.PSHIZHOW and J.HX.VOLEONW.

In the last few years the research staff of the X-and y-ray Laboratory of the
Physical-Technical Institute of the USSR Academy of Sciénces investigated photonuclear
reactions with the following apparatus:

a) fast overcompression cloud chamber;

b) scintillation telescopes;

c) ionization chambers;

d) chambers with nuclear plates.

The following resulis were obtained:

a) The angular distributions of 2 to 10 Mev protons from argon and of 1 to 15 Mev
protons from neon.

Appu.ratus: fast overcompression cloud chamber.

b) The energy and angular distributions of 15 to 65 Mev protons from Be, Al, Wi
and Au in the ldboratory system. Apparatus: scintillation telescopes.

c) The ratios of photodeuteron yield to the yield of photoprotons from Au for
Eygax = 70 Mev. Apparatus: chamber with nuclear plates and scintillation telescopes.

The angular distribution of photoprotons from neon may be described by & formula
of the type

a +bsinde,

v

where g = 2.5, i.e. they have a maximum of angular distribution at e =90°.

The maximum of the angular distribution of protons from argon is shifted to the
70° region. The shift is due to the 1nterference of dipole and quadrupole absorption
of y-rays.

The maximum of angular distribution of 15 to 65 Mev protons from Ni and Al
is shifted towards small angles with increasing proton energy. The angular distribu-
tions of 30 to 65 Mev protons exhibits a ma.xmum at angles < 45°., There is no simple
explanation of this fact. o

-34~
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The energy distribution curves for 15 to 65 Mev protons from Be, Al, Ni and Au,
and for 15 to 65 Mev deuterons from Be show sharp breaks when plotted in log-log
scale. The break in the proton spectrum is in accordance with the deuteron model of
Levinger.

The sharp break in the deuteron spectrum seems to be in accordance with the
o particle model of y-ray absorption. .

Investigations of d-d, p-p and p-n coincidences are in progress.

PHOTODISINTEGRATION OF DEUTERON AT 50 - 150 Mev

U. A. ALEXANDROV, N.B.DELONE; L.I.SLOVOFO-
7OV, G.A.SOKOL, L.¥.SHETARROV

The reaction of deuteron photodisintegration has been investigated at the 265-Mev
synchrotron of the P.N.Lebedev Physical Institute, USSR Academy of Sciences. Protons
from D,0 and H,0 targets have been detected by « two—counter telescope.

The differential cress section has been measured for six points of photon ener-
gies from 50 to 150 Mev and for seven points of angles from 22.5 to 157.5 degrees in
the laboratory system. The obtained values of cross sections in the center of mass
system are listed in Table 1. Energy uncertainty is about t 7.5 Mév. Standart statis-
tic errors are about 10%. The systematic uncertainty of the absolute cross section
value "is abont 15%,

Table 1.

Photon .
energies, Angles and differential cross section, pbarn/sterad.
Mev

25° 50° 74° o7° 118°
6.0 13.3 - 9.1
28° 51° 75° 08° 110°
5.5 10.8 < 6.8
27° - 76° 09° 120°
™ 7.0 . 9.0 6.1 6.6
27° e 100° 121°
6.7 7.7 5.7 4.8
27 - 78° 122°
7.3 .€ 4.9 4.9 4.7

54

70

88

110

28° 122°
6.2 6. 5.6 5.3
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The angle distributions in the center of mass system are in satisfactory agreement

with the form gg = (g%) +P +Q - cosO, where (g%) is the differential cross sec-
M.G. M.G.

tion obtained by Marshall and Guth, P and Q are approximation parameters. The values
of parameters obtained by the least square method are listed in table 2. The value 4n-P
is the total cross section of transitions leading to isotropic angle distribution.

oy is the velue of the total cross section of photodisintegration calculated from the
equation o, = (at)M.G. + 4n-P.

Table. 2.

Photon
energies,
Mev

P
wbarn/ster.

Q
v barn/ster.

4n-P
wbarn

wbarn

tAa,
wbarn

54
70
88

12¢
148

1.30
2.72
3.50
3.80
3.27
4.27

-0.76
0.92
0.81
.11

©0.42
1.00

16.3
34.2
44.2
47.8
41.1
53.7

120.1
105.2
89.5
7.2
61.9
9.1

5.1
3.6
4.6
3.5
3.6
4.1

Interpretation of data is based on Marshall and Guth’s calculations and on Wilson’s
idea about photodisintegration by meson production and reabsorption. Calculated va-
lues Of the total cross section of multipole transitions are in reasonable agreement
with Wilson’s results and Nagahara and Fudsimura’s caiculations.

SOME PHOTOREACTIONS ON LIGHT NUCLEI
V.N.¥AIEOV

A number of reactians on C!2, N4 and 01 nuclei, produced in photoemulsions by
Bremsstrahlung spectrum with maximum energies of 150 Mev and 250 Mev are investigated.

1. C%3(y,34) and C18(y,4a) reactions

340 events of oxygen nucleus disintegration and 180 events of hydrogen disintegra-
tion have been observed. The dependence of the reaction cross section on the y-ray

-8~
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‘energy has been determined. No events have been found in which the photon energy exceeg-
ed > 50 Mev. The sharp decrease in the reaction cross.section in the 35 Mev energy
range may possibly be connected with the competition of (y,pax) reactions on (12 and

nuclei.
2. C%(y,pu), M4(y,po) and 0'8(y,pm) reactions

473, 209 and 316 stars have been found corresponding to the three above reactions
respectively. Dependence of cross sections On y-ray energy, angular and energy distri—
butions of disintegration products have been obtained. The analysis of experimental
data from the point of view of the y-ray energy distribution between the reaction pro-
ducts shows that: '

a) the interactions of y-rays with carbon and oxygen nuclei leading to the above
reactions are apparently of the same nature: ’

b) the absorption of photons by nuclei varizs with the increase of Y-ray energy.

In the energy region E _=25-50 Mev the energy of the absorbed photon is distributed
"symmetrically" between the reaction products so that the energy distribution of par—
ticles is determined only by the phase space volume. The results are not in contra-
diction with the model of series decay, but may likewise be explained from the point
of view of simultaneous disintegration into three non-interacting particles;

¢) in the energy region EY > 50 Mev, protons are energetically favoured in compa~ -
rison with other particles and carry off from 60 to 90 per cent of the available ener-
gy E, =EY-E%°und. The interaction of the photon with the nuclei is apparently loeal
(direct photoeffect). The formation of an intermediate nuclews in the reaction is not
excludea.

8. C'3(y,pa)2« reaction

Preliminary results have been obtained. The integral cross section of the reaction
between 30 and 80 Mev is 5 mb/Mev. The energy distributions of protons and tritons
bave maxima near 4 Mev and 3 Mev respectively. The angular distribution of protons
shows a small isotropic part and a forward shift of maximum from 90°. The investigated
reactions play an important part in photostdr production. Thus, the cross sections
of C'3(y,pa)Li” and C12(y,pt)2« reactions in the 30-80 Mev energy range contribute
~ 80 per cent of the total photostar production. .

- ON THE WIDTH OF THE GIANT RESONANCE IN PHOTONUCLEAR
REACTIONS

S.A.E. JORANSSON
The shape of the giant resonance in photonuclear reactions will be discussed in
terns of various models. The available experiméntal material is reviewed. It is shown
in what cases the measured cross section curves give the shape of the total Cross
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section curve for photon absorption. It turns out that there exists a good correla-
tion between the width of the giant resonance and the shape of the nucleus. Deformed
nuclei have a considerably. broader resonance than other ones. This fact is easi%st
to explain by the collective model for photonuclear reactions.

N THE MECHANISM OF GIANT RESONANCE
V.V.DARAGAN, Yu.N.SHIROROV

A two-nucleon model is suggested for the explahation of the Giant Resonance in the
photo-nuclear reactions. According to the model, the photon is absorbed by two mu-
tually interacting nucleons. The existence of this int=raction in the giant resonance
energy interval is indicated by the occurrence of the direct nucleon-nucleon interac-
tion in this region. The moael agrees with the principal experimental data on the
giant resonance. Particularly, it leads to the correct position of the resonance ma-
ximum. Our considerations include the one-nucleor model suggested by Wilkinson, which
also contributes to the absorption cross section but plays an important role in the
energy region below the giant resonance. Therefore if the one-nucleon maximum is
above the photo nucleon threshold the absorption cross section must possess in gene-

ral two dipole maxima. The existence of the two maxima has been observed in the expe-
riments on C!3 ang N14

INTERACTION OF PHOTONS WITH POLARIZED. NUCLEI
A. ¥. BALDIN

In the numeroys former investigations of interaction of photons with nuclei the
influence of nuclear spin on this interaction was not considered. It may be shown
that nuclear spin can play an essential role in such processes.

The general expression for the electric dipole scattering amplitude_has the form:

s 560G D « SEDED + 5,087,

where the X and X' = polarization vectors of the incoming and outgoing pnotons respec-
tively, - operator of nuclear spin, S, and Sg = parameters independent of X and
scattering angles.
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As follows from calculations the angular distribution of the scattered photons con-
tains terms of the type (1-sin®e cos?¢), where o= scattering angle, ¢= asimuthal
scattering angle at 5, # 0. The value of such terms is dependent on the relationship
between S, and Ss and on magnitude of nuclear spin.

The cross section of any photonuclear reaction on nuclei with large spins is de-
pendent on orientation of the spin with respect to the direction of the photon beam.

The magnitude of the above mentioned effects (the relationship between parameters
such as S and S ) depends to a hlgh degree on the accepted model. The comparison of:
experlmental uata with results of calculations with different models can help in un-
derstanding the mechanism of interaction of electromagnetic field with nuclei and
the nature of nuclear spin.

PHOTONUCLEAR REACTIONS

D. H. KILKINSON

A brief survey is presented of the chief facts of nuclear photodisintegration
especially  in the region of the fiant resonance (EY < 30 Mev). The systematics of
the various processes are sketched and related to other parameters that characteri-
ze the nuclear system. .

The two chief models so far adduced to account for the phenomena - the model of
nuclear polarization and the shell model - are described with particular reference
to refinements recently introduced into each. Recent attempts to reconcile the ap-
parently conflicting physical pictures lying behind these two models are described
and their possible equivalence is indicated. .

Experiments in which detailed comparison appear: possible with one or other mo—
del (in the light elements for the shell model and in the heavy elements for the
collective model) are reported. A qualitative account is given of certain aspects
of the photonuclear process at slightly higher energies.

_ INTERPRETATION OF THE GIANT RESONANCE
PHENOMENON IN THE PHOTODISINTEGRATION OF 016

B.H.FLOWERS

vy

A shell model calculation has been performed for the odd parity states of 018
which arise from the almost degenerate configurations p=ls and p~1d. In terms of
these states a natural explanation can be given of the giant resonance, of its fine

structure, and of the associated nucleon emission characteristics, all of which lend
strong support to Wilkinson's picture of the giant. resonance phenomenon.
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NUCLEAR REACTIONS INDUCED
BY HEAVY IONS

NUCLEAR REACTIONS INDUCED BY HEAVY IONS

G.N.FLEROV

It follows from experimental data that in the interaction of heavy ions with
nuclei the formation of excited compound nuclei plays a predominant role, the excita-
tion energy -eaching several hundred Mev. The production of such highly excited nuclei
by any other method is impossible.

The characteristic feature of the reactions induced by heavy ions is that com~
pound nuclei receive a large angular momentum. The investigation of highly excited
nuclei with large angular momenta is one of a whole series of investigations using
heavy ions.

The interaction of heavy ions with nuclei gives rise to an exchange of nucleons
or complexes of nucleons between interacting nuclei.

These processes proceed at the periphery of the nucleus and their investigation
may furnish information on the surface structure of the nucleus. In addition to the
above mentioned lines of investigation, heavy ions may be used for the production of
new isomers (both by Coulomb excitation and by means of compound nuclei formation),
new isotopes and elements. Recently the interaction of heavy ions with d1fférent nuc-
lei has been investigated in several laboratories, the greater part of these investi~
gations being devoted to the solution of the problem wether the formation of compound
nuclei is the principal process in the reactions induced by heavy ions.

The process of nucleon exchange has been investigated and some new isotopes and
elements produced. The greater part of this work has been performed using a beam

of nonmonoenergetic ions.
BOR GFFICIAL USE apuy
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Intensive beams of monoenergetic carbon, nitrogen and oxygen ions with energies
upwards of 100 Mev were obtained in 1956. It has made possible a series of new inves-
tigations, from which a sufficiently complete idea about the character of the nuclear
reactions induced by heavy ions may be derived.

It may be assumed that the formation of compound nucleus 1is the predomlnant pro-
cess in the reactions with heavy ions.

Heavy nuclei are characterized by evaporation of neutrons and fission. For light
and intermediate nuclei the emission of a number of charged particles,besides neut-
rons, has been observed.

INTERACTION BETWEEN NITROGEN IONS AND HEAVY
ELEMENT NUCLEI

S+ A.BARABOSHKIN, V.A.DRUIN, A.S.KARA-
XIAN, S.M.POLIEKANOV, G.N.FLEROV

i The monoenergetic 115-Mev beam of nitrogen ions N{Z'from the cyclotron of the Ato-
mic Energy Institute, USSR Academy of Sciences, has been used to investigate the de—
pendence of the cross sections on nitrogen energy for Au (N, 4n), Au(N,5n), Au(N,6én)
reactions.

In accordance with the theory of competitive processes curves with pronounced
peaks have been oobtained.

The measured Au(N,4n), Au(N,5n), Au(N,6n) excitation functions have been compared
to the excitation functions predicted by the compound nucleus theory. The excitation
functions from this experiment are displaced in energy by 10-15 Mev which is not pre-
dicted by the theory.

It is possible that the observed energy shift may be explained by a very high an-
gular momemtum imparted to the heavy compound nucleus by the 100 Mev N4 nucleus.

Experiments in fission of U335, U38 Bi  Au and Re induced by accelerated nitro-
gen ions are likewise described. The measurements have been conducted with an ioniza-
tion chamber. -

The dependence of the fission cross sections for these nuclei on the nitrogen ion
energy has been studied in the energy range from 70 to 110 Mev. The obtained  re-
sults are analyzed from the viewpoint of the influence of the Z and A parameters and
the excitation energy on fission probability.

-41-
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STRIPPING REACTION PRODUCED BY ACCELERATED
IONS N,, ON SOME NUCLEI

V.V.VOLEOV, A.S.PASIUK, G.N.FLEROV

The formation of a radioactive isotope N, 5 has been observed due to stripping
reaction under bombardment of thin Al, Ni, Cu, Ag, Co, Sn and Pt foils by nitrogen
ions N15 (E ~ 100 Mev) from the cyclotron of the Atomic Energy Institute ,USSR Aca-
demy of Sciences. The angular distribution of N 43 1s characterized by narrow inter-
val angles of particle emission (20° -30°) For the incident N,, energy of about
60 Mev an intensity maximum of N, 5 for Al at about 10°, for Ni-at 30°, for Sn and
Ag -at 60° has been observed. The cross section of N, ; formation for Al and Ni has
been measured in the energy range from 30 Mev to 105 Mev. The cross section varies
but slightly at energies higher than the Coulomb barrier and is 10 mt for Al and
30 mb for Ni in this range.

MASS DISTRIBUTION OF FISSION FRAGMENTS
FORMED BY NITROGEN IONS ON GOLD AND URANIUM NUCLEI

N.I.TARANTIN, Ju.B.GERLIT, L.I.GUSEVA,
B.F.HYASOEDOV, E.V.FILIPPOVA; C.N.FLEROV

In the present paper the mass spectrum of fission products formed on irradiation
of 30 u thick gold and uranium targets with 115 Mev N'# ions has been investigated.
Fourteen different elements have been chemically separated from the irradiated tar—
gets. The isolated radioisotopes have been identified by the half-life, beta-energy
and the sign of the beta-particle charge.

Mass distribution of fission fragments from the gold target 1rrad1ated with nitro-
gen ions is represented by a sxngle curve with a broad maximum. The width of the
curve at half-maximum is about 20 mass units. The maximum of the curve corresponds
to A ~ 100.

Mass spectrum of fission fragments formed on irradiation of uranium with nitrogen
ions is found to be considerably more narrow. The width of the curve at half-maximum
contains more than S50 mass units.
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THE FISSION BARRIER OF ROTATING NUCLEI

G. 4. PICK-PICHACK

The influence of nuclear rotation on the fission barrier height is calculated
using the nuclear drop model. This influence is connected with the moment of inertia
change due to deformation. For large angular momentum > 50 h (such nuclei are formed
by the capture of heavy ions by atomic nuclei) the rotation essentially influences
the fission barrier height. The nucleus becomes unstable owing to fission for a cri-

tical value of the angular momentum. The dependenoe pf'mass distribution -of fragments
-on the momentum is slight.

STATISTICAL THEORY OF ANGULAR DISTRIBUTION
OF FISSION FRAGMENTS

V.¥.STRUTINSKY

The angular distribution of fission fragments is considered in case when the ‘an~ _
gular moment of compound system is distributed améng a large number of nucleons and
one can describe nucleus with statistical model approximation. The distribution of K
values (where K is the projection of angular moment of"transition” nucleus in the -
direction of the symmetry axis) is calculated. The state with K=O turns out to be
the most probable one which gives maxima in 6=0, = directions for fission fragment
angular distribution in nucleon - induced fission and in e=.§ direction in case of
photofission. The comparison with experimental data allows to determine the value of
the moment of inertia in relation to symmetry axis. Fong’s thedry of assymmetrical
fission is discussed from the point of view of .angular distribution of frla,gments'._

vve
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NUCLEAR MODELS

THE OPTICAL MODEL OF THE NUCLEUS

P.E.NEMIROVSKY

The up-to-date state of the theory of neutron interaction with nuclei at low and
intermediate energies is analyzed.. The processes at very low energies are discussed,
the strength function and potential scattering data are compared with theory.

The total cross sections and angular distritutions are considered in the usual
scheme, and also taking account of the spin - orbit forces.. It is shown that addi-
tion of the spin - orbit interaction makes the agreement with experiment better.: For
400 kev peutrons the theory is compared with polarization experiments. For higher
energies the estimation of polarization is made. .

The variation of optical parameters (the well depth, the absorption factor) with
e.ergy is discussed.

For 14 - 20 Mev neutron energies several theoretical papers dealing with experi-
mental data are critically discussed. )

Finally, some considerations about the relation between optical potential and
shell model - potential are advanced.

Time 40 minutes.

INTERACTION OF SLOW NEUTRONS WITH SPHERICAL AND
ELONGATED NUCLEI
V.V.VLADINIRSKY

The paper reportis on the results of calculations of slow neutron interaction with

elongated nuclei, according to the cloudy crystal model of the nucleus, carried out
by V.V.Vladimirsky and by I.L.Ilyina, and on interaction of slow neutrons with nuclei,

—-a4-
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as reviewed by V.V. Vladimirsky, I.A. Radkevich, V.V. Sokolovsky and A. A.Panov. The solu-
tion of the problem of neutron motion in a complex potential well for an elongated
nucleus has shown that the position and the shape of the giant neutron absorption re-
sonances, depending on the atomic number, changes appreciably in the transition from
spherical to‘elongated nuclei. This enables one to explain qualitatively the .washed °
out character of the giant resonance near A=150 without recourse to an increase of

the imaginary part of the complex potential.

TOTAL NEUTRON CROSS SECTIONS AT 1-14 Mev
ACCORDING TO THE OPTICAL MODEL OF THE NUCLEUS

E.V.INOPIN

Total neutron cross sections in the 1-14 Mev range for Pe, Sn, Pb nuclei have
been calculated according to the optical model of the nucleus with potential in the
form of a rectangular well. o

A good agreement with experimental data has been obtained for the three nuclei
‘belonging to three different regions of the periodic table. o

OPTICAL MODEL OF NUCLEONS - NUCLEI INTERACTION
IN' THE RESONANCE REGION OF THE COMPOUND NUCLEUS

V.N. AGRAROVICH, A.S. DAVYDOV

The energy dependence of the real and imaginary parts of the effective potential
of the optical model is investigated taking into account all states of the compound
nucleus. It is shown that only the real part of the effective potential of the opti-"
cal model is the smooth function of the neutron energy in the resonance regior of. - -
the compound nucleus. ' '

In the computation of the imaginary part of the effective potential the deviation
fram the potential of the optical model was considered as a perturbation leading to -
the compound nucleus formation. Interpretation is given for the broad resonances in
the interaction between neutrons and nuclei.

-5
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Contrary to the theory of Lane, Thomas and Wigner, it is shown that the imaginary
part of the potential ‘in the ‘resonance region is considerably smaller than the root
square of the second moment and essentially depends on the level density of the com-
pound nucleus. This result coincides with those of Bloch.

A METHOD FOR LIGHT NUCLEI LEVELS CALCULATION

YU.N.SHIROKOV, |K.A. TUXANOV,| W.W. BALASHOV,
0.F.DOROFEYEV, N.N.KALITKIN,A.K.KANINSEKY,

YU.F.SHIRNOV,

A method for deriving ground and first excited energy levels and wave functions
of light nuclei is suggested. Charge-independent nucleon-nucleon interaction is as-
sumed, many-body forces being neglected. The Coulomb energies are taken into consi-
deration separately. In contra distinction to the usual procedure a form of two-body
interaction hamiltonian is not preset. The matrix elements of this hamiltonian ne-
cessary for the calculation are derived from the experimental values of nuclear
energy levels. =

The problem of separation of nucleus centre-mass movement is solved by substrac-
tion of kinetic energy of the whole nucleus from the complete hamiltonian. It is
thus possible not to apply Jacoby coordinates using ordinary antisymmetrical. func-
tions. ‘ ‘ ' '

A nucleus wave function is given by resolution into the configurations of harmo-
nic oscillator states. This resolution is believed to converge rapidly with regard
to the main quantum number and so it is cut short, all the allowed configurations

" within the taken quantum numbers (1s, 1p - shells for the nuclei to 0) being consi-
dered. Then the Schrddinger equations for the different nuclei and .levels are ‘formed
in this oscillator representation. Matrix elements of the interaction hamiltonian
can be expressed in terms of two-body zonfiguration matrix elements. There are only
32 such elements within 1s, lp-states (spin and isobaric spin to be taken into ac-
count). Qwing‘té the conservation laws for two-body interaction, these 32 elements
are not independent. One can obtain 16 independent matrix elements by excluding the
movément of centre of inertia of two interacting nucleons by Talmi method. The mat-
rix elements of Coulomb interaction are calculated in the same way o

Thus for the ground and excited states of 1ight nuclei we have secular equations
including as unknown variables 16 parameters of nucleon-nucleon interaction. If one
considers only tke states with undestroyed S-shell for nuclei between He and 016
three parameters out of sixteen drop.out of this equation. The equations include
also two parameters associated with nuclear dimensions. '

The derived system of equations is solved using computing machine technique.
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INTERMEDIATE ENERGY NEUTRON SCATTERING ‘ o ‘ N
BY NON-SPHERICAL NUCLEI

E.V.INOPIN

In the work on neutron scattering by non-spuaerical nuclei examination was carried
out either in the approximation kR>>1, where k is neutron wave—vectot and R, the nuc-
leus radius, i.e. for high energy neutrons or accordlng to the perturbatxon theory |
which is probably incorrect in this case. - e R

The author considers the case of neutrons of intermediate energy‘of“a few Mev.This -~ _
case is ifiteresting from the point of view of comparison with thé experiment. The
calculations are made in the adiabatic approximation, where the nucleus is consider-
ed to be at rest during the time of collision. The approximation is valid when

g o, - !

where ¢ is the energy of the first excited rotation state,
E, is the energy of the incident neutron. :

In the adiabatic approximation the case is reduced to the problem of the partic-
le scattering in a given field.

The latter is considered as constant inside the nucleus which has the rotation

" ellipsoid (spheroidal) form,and as equal to zero outside the nucleus. This problem

is solved with the.aid of well-known and partially tabulated spheroidal functions.
‘The necessary averaging is performed over the nucleus orientations and expressions

for the cross section of the elastic and inelastic scattering are obtained.
A numerical exampYe is computed showing the effect of non-sphericity of the nuc--
leus to be considerable. :

THZ ROLE OF PAIRING INTERACTION ON FORMATION OF DEFORMED NUCLEI

B.L.BIRBRAIR AND L.A.SLIV
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The core deformation energy increases quadratically with deformation. That is the

reason why'for every nucleus a minimum energy deformation exists and all nuclei would
ve deformed (Fig.1).

But we have to take into consideration a new factor: spe-
cific pairing energy which decreases when we go over from
" spherical to deformed state of nucleus. The shape of pairing
interaction curve for two nucleons is calculated as perturba-
tion using ‘s-forces and other short-range forces (Fig.2).

The difference AEp'can be taken from mass-defect data which
give about 2 Mev for light and 0.5 Mev for heavy nuclei.

All the three factors taken together create such a situa-
tion for nuclei between closed shells that nuclei are deform-
ed only in definite region Aq—A, beiween closed shells
(Fig. 3).

If we assume for AEp (per one pair) 0.7 Mev in rare-earth
region and 0.5 Mev for heavy elements we get the correct
boundaries for deformed nuclei. We have also found out that
deformed states are:theoretically possible only in three -

(known) regions throughout the periodical table.

|COLLECTIVE EXCITATIONS OF EVEN-EVEN ATOMIC NUCLEI

4

. 4.8.DAVYDOV, G.F.FILIPPOV

The problem of collective excitations in an even-even nucleus possessing axial -
symmetry is considered without assuming the rotational energy to be much smaller
than the v1brat10nal energy. . :

The energy levels of the collective exc1tat10ns and the succession of spins have
been computed for different parameters of deformation. It is shown that the energy
of the collective excitations can be represented as the function of only two para-
meters: «, = [C; and 8 = g, (BC )1/4. In the 82.5 region the excitation spectrim

can be represented as a systeﬁ of rotational-vibrational bands. In the 8<2.5 region’
the separation’ of the excitation energy into rotational energdy and v1bra.tional energy

~8-  FOP TN LSS GNLY
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is no longer possible. In the 8<0.4 region the occurrence of peculiar excited states
of the-nucleus corresponding to negative quadrupole moments of the excited states
might be expected.

Comparison with experiment is given.

ENERGY LEVELS OF NUCLEONS IN A NONSPHERICAL NUCLEUS
ACCORDING TO THE INDEPENDENT PARTICLE MODEL

D.A. ZAIKIN

An asymptotic expression is obtained for the energy levels of nucleons in.a
spheroidal box. The expression is valid for large values of K3f2, where K is the
wave number of the nucleon and f is half the distance between the ellipsoid foci.
The results obtained are used to calculate level schemes for nucleons in ellipsoi-
dal nuclei with axes ratios ranging from 0.6:1 (oblate ellipsoid) to 2:1 (prolate
ellipsoid). A method for taking into account the finite well depth and spin-orhit
coupling is proposed.

ELECTROMAGNETIC TRANSITIONS AND ISOTOPIC SPIN IN THE LIGHT
NUCLEI

D.H. KILKINSON

Ve

The empirical evidence on electromagnetic transitions in the light nuclei
(A < 20) is presented. It is shown that El and Ml transitions' conform closely to
the prediction of the independent particle model but that E2 transitions are usual-
ly enhanced and give clear evidence for some sollective motion in the light nuclei.
The El transitions forbidden by the isotopic spin selection rule are markedly slo-
wer than the allowed transitions but the separation between the two groups is not
complete. There is an apparent tendency for El and M1 transitions of lower energy
to be relatively faster than those of higher energy but this effect may be spurious.
The evidence on the purity of isotopic spin states is reviewed. Attempts are ma-
de to extract quantitative information about the impurities from the data and to
| get some idea of HgT, the Coulomb matrix element responsible for mixing T and T'.
A strong correlation is observed between HO and 02 the reduced width for nucleon
emission to the ground state of the parent nucleus. Other evidence relating to char-
ge independence is reviewed and quantitative recommendations are made on all these

points.
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EXPERIMENTS WITH POLARIZED NEUTRONS
AND THE OPTICAL MODEL OF THE NUCLEUS

H.H.BARSHALL

The polarization of 380-kev and .980-kev neutrons scattered elastically through
various angles by intermediate and heavy nuclei was measured. The neutrons. were pro-
duced in the Li(p,n) reaction and their polarization was determined with an oxygen
analyzer. The polarization of the neutrons emitted at 50° from the Li(p,n) reaction
was found. to be about 30 percent at neutron energies from 350 to 1200 kev. The pola-
rization of the neutrons scattered from.the heavy elements varies smoothly with ato-
mic weight and reaches a maximum of 20 percent. It is hoped that these results can be
used for determining the nature of a spin-orbit term in the optical potential, but so
far no adequate calculations have been performed.

THE RELATION BETWEEN COLLECTIVE MOTIONS
AND INDEPENDENT PARTICLE MOTIONS IN NUCLEI

B.H.FLOWERS

It is obvious that collective motions can be expressed in terms of sufficiently
complicated configurational interaction. It has been found possible, however, to ob-
tain states having simple rotational properties by means of suitably chosen shell
model wave functions which employ only the mixing of degenerate conflguratlons im-
plicit in a three dimensional harwonic oscillator. Moreover, these states are very
nearly eigenstates of a short range interaction in the limit of many particles out-
side of closed shells. A simple physical picture will therefore be offered of the de— .
velopment. of rotational spectra from independent particle states.
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